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Highlights 
 This paper tests the suitability of two qualitative methods of age estimation 
 The methods are based on the morphology of the auricular surface 
 Error estimates are provided for direct and indirect observation 
 Both methods present limited value for accurate age estimates in Greeks 
 Alternative age markers are more appropriate for skeletonised remains In 
Greece 
 
 
ABSTRACT 
The auricular surface is often found very well preserved, thus age-related changes 
in this anatomical area can be important for any set of human remains that require 
identification under different taphonomic conditions. This study tests the 
Buckberry & Chamberlain (2002) and Schmitt et al. (2005) methods in predicting 
the age of individuals in a documented sample from Crete, Greece. Both methods 
were used to record changes on the auricular surface in a mixed-sex sample of 74 
individuals, directly as well as through photographs, by two independent 
observers. Cohen’s kappa and intra class correlation coefficients (ICC) were used in 
order to assess inter-observer and intra-observer agreement. Results showed than 
none of the methods predicted age with sufficient accuracy, as high error rates 
were recorded. The Schmitt et al. (2005) method performed better, mainly because 
the age ranges it uses are broader. Scoring through photographs does not seem to 
introduce bias in predicting age, as demonstrated by the high intra-observer 
agreement rates. Inter-observer agreement was also high. The low intra- and inter-
observer error rates suggest that the poor performance of both methods in the 
Cretan sample is not due to a lack of clarity in the description of the morphological 
changes recorded on the auricular surface; rather it should be attributed to a poor 
correlation between these changes and age at death in our material.  
 
KEYWORDS 
Forensic population data; auricular surface; age estimation; Cretan collection  
 
INTRODUCTION 
Age has always been an issue of major importance in the study of unidentified 
skeletal remains. During the past decades, great effort has been devoted to the 
study of the age at death of individuals based on skeletal evidence, using different 
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schemes, as well as different anatomical parts of the body. The literature on age 
estimation methods shows a variety of approaches, macroscopic, microscopic and 
analytical. Cranial suture closure [1], pubic symphyseal surface morphology [2], 
sternal rib end morphology [3], and auricular surface morphology [4] constitute 
typical examples of macroscopic morphological methods for age estimation. On a 
microscopic and analytical level, bone histomorphometry methods rely on the 
quantification of age-related remodelling changes of the bone on different skeletal 
elements [5, 6]. Chemical/analytical methods range from aspartic amino-acid 
racemisation [7, 8] and bone material properties quantification [9, 10] to DNA 
methylation techniques [11, 12]. Each technique presents strengths and 
weaknesses related to reliability, applicability, cost- and resource-effectiveness and 
despite the general guidelines of all professional bodies (to “use a combination of 
all available methods”), this is not always feasible, especially in forensic facilities 
with few non-medical specialists. From this point of view morphological methods 
are more popular as they do not require sophisticated equipment and expertise. 
Yet, these techniques are sensitive to observer and population bias, thus, their 
reliability must be demonstrated before application in forensic settings. 
The current paper focuses on the morphology of the auricular surface of the os 
coxae as an age marker. The auricular surface is often found very well preserved, 
thus age-related changes in this anatomical area can be important for any set of 
human remains under different taphonomic conditions. The first to propose aging 
standards based on morphological changes on the auricular area were Lovejoy et 
al. [4]. Lovejoy’s study uses eight modal age stages of 5 years each, starting from 
juveniles and ending in 60+ years, and describes in detail the changes in the 
appearance of the auricular surface in every age group. The features recorded 
include grain and density, macroporosity, billowing, striations, apex lipping, 
activity in the retroauricular area and transverse organization. Several scholars 
applied Lovejoy’s method in different samples and noted that older individuals 
tended to be underaged, whereas the age of younger individuals was overestimated 
[13-17]. In addition, many studies found that the 5-year intervals proposed by 
Lovejoy et al. [4] are unrealistically narrow [14, 18].  
More recently, Buckberry and Chamberlain [18] revised this method (hereafter B-
C) to improve age predictions and developed a scoring system where the features 
recorded on the auricular surface include transverse organization, surface texture, 
porosity and apex sharpness. The revised method examines each feature as an 
independent variable and suggests that it is scored separately using an ordinal 
scale. Subsequently, all individual scores are summed per element and age is 
estimated according to the total score. Similarly, Schmitt et al. [19] (hereafter SC) 
developed a method that focuses on the same overall attributes as the Buckberry 
and Chamberlain [18] method, as well as the entheseal changes on the iliac 
tuberosity. In this case, all variables are recorded in a binary scale, except for 
granulation and porosity (SSPIB), for which an ordinal system is used. Finally, 
Page 4 of 23 
 
Igarashi et al.’s [17] approach is based on the binary scoring (presence – absence) 
of 13 variables per individual, mainly concerning surface texture, porosity, 
granularity and hypertrophy.  
The aforementioned methods have been tested in different populations and the 
results showed a poor to fair performance. In specific, Falys et al. [20] tested the B-
C [18] revised method in a sample dating from the late 17th to the early 19th 
centuries. Results showed that the method was not reliable due to the extensive 
variation in the morphological changes of the auricular surface and suggested that 
only very broad age assessments can be reached by adopting it. Moraitis et al. [21] 
applied the B-C [18] method on a modern Greek sample, namely the Athens 
Collection, and their results showed a variation of 5.5-12.6 years across all age 
stages. Stage VII was the one that appeared to correspond better with the known 
ages of the individuals (56-78 years). However, Moraitis et al.’s [21] study agrees 
with previous ones that indicated age underestimation for older individuals along 
with overestimation for younger ones.  
The present work tests the B-C [18] and SC [19] methods using a modern Cretan 
sample, with documented age and sex. The aim is to examine both how accurately 
these methods can predict the age at death of the individuals and to quantify the 
inter- and intra-observer error. A secondary goal of the study is to investigate 
whether high quality photographs can provide reliable enough information to be 
used in place of direct observations as it is a common phenomenon for forensic 
practitioners to provide consultation from images rather than direct examination 
of the body.  
MATERIALS AND METHODS 
The sample used for this study consists of 74 Cretan individuals of known sex and 
age at death from the Cretan collection, housed at the facilities of the Forensic 
Pathology Division of the Hellenic Ministry of Justice and Human Rights in Crete. 
The skeletal remains were exhumed from St Konstantinos and Pateles cemeteries 
in Heraklion, Crete. The individuals examined here died between 1963 and 1997. 
More information on the collection can be found in Kranioti et al. [22] and Kranioti 
and Michalodimitrakis [23]. The age range of the material is shown in Table 1. 
For consistency, the right auricular surface was observed when possible, whereas 
data from the left side were only collected when the right one was unobservable. 
We have chosen the right innominate due to the better preservation of this skeletal 
element in our sample. Bones showing deformities of a pathological nature that 
could distort the auricular surface were excluded from the sample. Pictures of each 
innominate bone analyzed were taken with a Nikon D31000 camera in order to 
generate a digital image bank. Data collection was performed by two observers and 
involved both the direct recording of auricular surface morphological traits and the 
indirect recording through photographs. Observer 1 (E.M.) recorded the auricular 
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traits both directly and indirectly, while Observer 2 (P.N.) recorded them only 
directly. 
The methods described by Buckberry and Chamberlain [18] and Schmitt et al. [19] 
were applied to all material without prior knowledge of the age at death of the 
remains. According to the B-C method [18], five features were recorded for each 
auricular surface: transverse organization (TO), surface texture (ST), microporosity 
(MI), macroporosity (MA) and apical changes (AP). According to the SC method 
[19], four features were observed on the auricular surface: transverse organization 
(SSPIA), granulation and porosity (SSPIB), articular surface modification and apical 
modification (SSPIC), and iliac tuberosity changes (SSPID). 
Correlation coefficients were calculated to examine the relationship between 
individual auricular surface features and actual age for the SC and B-C methods as 
well as between the composite score and actual age for the B-C method. For this 
purpose, Spearman’s rho (rs) was used. 
The reliability of the B-C method was tested by measures of bias and inaccuracy, 
following Hens and Belcastro [24]. A similar approach could not be adopted for the 
SC method because the latter does not produce mean age estimates. The accuracy 
of each method was also assessed by counting the number of individuals for whom 
a correct age estimate was attained for each observer, that is, the age at death of 
the individuals fell within the predicted age interval. The measure traditionally 
used to test for inter-observer error is Cohen’s kappa for nominal data and 
weighted kappa for ordinal data [25]. This measure was adopted here to compare 
the results obtained by observers 1 and 2 from the direct recording of auricular 
morphology using each method. In addition, this measure was used to assess intra-
observer error for observer 1 when recording auricular surface morphology 
directly and indirectly, as well as directly on two separate occasions with a three-
month interval between each recording session. An intraclass correlation 
coefficient (ICC) test was carried out as well in order to examine the intra- and 
inter-observer error rates [26, 27]. The main limitation of this test compared to 
weighted kappa is that only absolute agreement between observers is taken into 
account, thus any difference between scores, no matter how small, is considered a 
disagreement.  
RESULTS 
Correlation with age 
Correlation coefficients between individual auricular surface features and 
documented age at death for the SC and B-C methods as well as between the 
composite score and age at death for the B-C method are illustrated in Table 2. 
Compared with the correlation coefficients given in the original Buckberry and 
Chamberlain [18] paper, which ranged from 0.319 for apical changes to 0.533 for 
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macroporosity and were equal to 0.609 for the composite score, ours are smaller 
for both the individual traits and the composite score. The Schmitt et al. [19] paper 
does not provide any correlation coefficients, so no comparison between our 
results and the ones based on which this method was developed can be made. 
However, it is seen that Spearman’s rho is particularly low for SSPIA (-0.080 to 
0.099) and low to moderate for the remaining features (0.199 to 0.460). 
 
Method Accuracy 
Following Hens and Belcastro [24], the reliability of the B-C method was tested by 
measures of bias and inaccuracy (Table 3). These measures were estimated both 
for the entire sample as well as separately for individuals younger than 50 years, 
between 51 and 70 years and over 71 years in order to explore age-related biases. 
We observe that the B-C method overall underestimates the age of the individuals 
in the Greek assemblage as the bias is negative in both observers and for both the 
direct and indirect scoring methods. This underestimation is observed in 
individuals over 51 years old and is more pronounced in individuals over 70 years 
old. In contrast, the age of individuals younger than 50 years old is overestimated. 
The inaccuracy of the method is greater for individuals over 70 years old while for 
individuals younger than 50 and between 51 and 70 years of age the relative 
inaccuracy depends upon the observer and the method used to record the age 
markers (direct or indirect). The latter finding is very likely due to the small sample 
size for individuals younger than 50 years in our sample. As mentioned above, a 
similar approach for testing bias and inaccuracy could not be used for the Schmitt 
et al. [19] method, since the latter does not provide mean age estimates.  
As seen in Table 4, the application of the SC [19] method assigned 25 to 53 out of 
the 74 individuals to the correct age stage. Observer 2 outperformed Observer 1 by 
achieving correct age stage classification in 46 or 53 out of 74 cases. For Observer 
1, using the method directly or indirectly did not appear to have a particular effect 
on the results. Note that in the SC [19] original publication, two tables with score-
to-age correspondence are presented. The first one is based on “populations whose 
age distribution corresponds to a life expectancy of 30 years”. The second table is 
based on “a reference population whose age distribution is uniform”. In our sample, 
age estimates based on the former distribution were more accurate than based on 
the latter in all cases and for both observers. This is a surprising result given the 
age distribution of our material, which is characterized by a heavy bias toward 
elderly individuals. However, it must be stressed than correct age estimation using 
the SC [19] method was mostly achieved in cases where age was generally assessed 
as being over a certain threshold (e.g. >60) and not within a specific range; 
therefore, overall the results presented in Table 4 for this method should be treated 
cautiously.  
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When applying the B-C [18] method, age was correctly predicted in merely 14 to 17 
out of 74 individuals based on the mean ± standard deviation values associated 
with each composite score of the original publication. Both observers achieved 
comparable results, with Observer 1 having a slight precedence over Observer 2. 
Direct vs indirect scoring does not seem to have a particular effect here either. In 
addition, the correlation between the mean age estimated using this method and 
the age at death of the individuals was rather small (Spearman’s rho ≈ 0.300) and a 
Wilcoxon test showed that in all cases and for both observers the difference 
between the estimated ages and the age at death was statistically significant (p-
value always < 0.05). To explore further the accuracy of this method, we plotted the 
mean predicted age against the age at death of the individuals, as seen in Figures 1 
and 2.  
The regression models are: 
Observer 1 - Direct scoring: y = 0.1272x + 50.381, with R² = 0.0683 
Observer 2 - Direct scoring: y = 0.3598x + 26.985, with R² = 0.1679  
Observer 1 - Indirect scoring: y = 0.1839x + 44.032, with R² = 0.1193 
In the ideal case, the slopes (0.3598, 0.1839, and 0.1272) should have been close to 
1 and the intercepts (26.985, 44.032, and 50.38) close to zero. It is clear that the B-
C [18] method shows a poor performance for age prediction in our dataset. 
In Figure 1 it can also be seen that all individuals over 70 years of age (y axis) are 
under-aged and this issue becomes even more pronounced among older 
individuals. Subsequently, we removed all individuals over 70 from our sample and 
calculated the percentage of individuals assigned to the correct age range when 
adopting ±10 year-intervals around the mean age provided by Buckberry and 
Chamberlain [18]. This percentage was merely 55 to 60% depending upon the 
observer. When increasing the interval to ±15 years, this percentage raised to 60 to 
80% depending upon the observer. These results suggest that even in the age 
ranges where the method seems to work (below 70 years), and even when 
adopting particularly large age intervals (±15 years), the performance of the 
method is poor for our dataset.    
 
Intra- and Inter-observer error 
As can be seen in Table 5, when applying the B-C [18] method, ST is the trait with 
the lowest inter-observer agreement (17.57%). MI, MA and AP show the highest 
agreement between observers (50-52.7%). When one-stage differences between 
observers are taken into account, the agreement for ST raises to 63.52% while that 
for MI, MA and AP is around 90%, suggesting that the overall agreement between 
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observers is rather high. TO lies in between the remaining traits with regard to 
inter-observer agreement: 37.84% of the scores were identical between observers 
and 79.73% of the scores fell within a one-stage difference. Recording traits 
directly and through photographs produced different results, as seen in the 
comparisons between scores from photographs and direct observation obtained by 
Observer 1. The percentage of scores belonging to the same stage in both cases 
ranges from merely 27.03% for ST to 60.81% for TO. However, it is also seen that, 
in the majority of cases, the difference between the two scores laid within one 
stage. Finally, with regard to intra-observer error rates when direct scoring is 
employed on separate occasions, the percentage agreement between scores ranges 
from 58.07% for ST to 90.32% for AP. 
As shown in Table 6, the SC [19] method produces lower error rates than the B-C 
[18] one, but this is to be expected since three out of the four traits of this method 
have only two categories. In general, the agreement between observers was over 
60%, in some cases even over 70%, for the binary characters. For SSPIB, the inter-
observer error rates are largely comparable to those of the B-C [16] method, with 
agreement close to 40%, but when within one-stage differences are taken into 
account, agreement between observers is over 80%. The intra-observer agreement 
when the auricular surface traits were recorded through photographs and directly 
is rather high (~80%), suggesting that indirect recording of these traits has a small 
impact on the results. Even more strikingly, intra-observer agreement when the 
method is used directly on two separate occasions ranges from 83.87 to 96.77%. 
When the differences between observers are statistically tested (Table 7) the only 
trait that appears to exhibit a non-significant agreement between observers for the 
B-C [18] method, is ST. All other traits for both methods showed a statistically 
significant agreement between observers (p-value always < 0.05). It must be noted 
that the kappa values for the significant results range from 0.279 to 0.455 for 
Cohen’s kappa and 0.461 to 0.716 for ICC, which suggests a fair to substantial 
agreement between observers, according to the interpretative scores by Landis and 
Koch [28]. Regarding intra-observer error, the agreement between the scores of 
the same observer was statistically significant whether direct or indirect recording 
was used and it ranged from fair to almost perfect [28] (direct vs. indirect scoring: 
κ = 0.302 to 0.676, ICC = 0.448 to 0.807, p<0.05; direct scoring on two separate 
occasions: κ = 0.362 to 0.931, ICC = 0.547 to 0.965, p<0.05).  
 
DISCUSSION 
Age estimation is unquestionably critical in forensic identification of decomposed 
human remains. A variety of macroscopic, microscopic and analytical methods are 
available to the forensic practitioner variable in cost, time, feasibility, expertise, 
accuracy and reliability. The primary criterion for the selection of the method is 
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dictated by the specifics of the case, yet, in all occasions one seeks a method that 
combines little effort, speed in the assessment and accurate results. In that aspect, 
morphological methods tend to be quicker and easier to apply compared to 
microscopic or analytical methods and involve zero cost, which makes them 
popular amongst professionals lacking lab resources. Amongst the common 
morphological methods, authors agree that cranial sutures are not performing well 
as suture ossification seems to have also a genetic influence [29, 30] while pelvic 
morphology performs more consistently amongst populations. The current paper 
tested the applicability of two age estimation methods based on pelvic morphology 
for the first time in a sample from Crete, Greece. 
More specifically, the current study explored the accuracy and reliability of the SC 
[19] and B-C [18] methods for age estimation based on the morphology of the 
auricular surface. Regarding the accuracy of these methods, it was shown that both 
perform poorly in the modern Cretan sample and particularly broad age ranges 
should be adopted in order to achieve correct age classifications, which renders 
these approaches of limited use to our material. There are several possible 
etiologies for this result: 1. an insufficient description of the adopted traits 
resulting in a general difficulty in the correct identification and recording of these 
traits, 2. inherent limitations pertaining to the strength of correlation between age 
at death and the recorded morphological changes, 3. different age distribution of 
the original and the current sample, or 4. secular change.  
If the first etiology were correct, then high inter- and intra-observer error rates 
would have been obtained in our study. As expected, certain traits were more 
difficult to record consistently than others. In specific, surface texture, as presented 
in B-C [18], had the lowest agreement for the majority of intra- and inter-observer 
tests. On the other hand, microporosity, macroporosity and apical changes showed 
the highest agreement, while scoring using the SC [19] method provided overall 
low error rates for all features, even though this is attributed to the fact that three 
out of the four traits have a binary scoring system. Overall inter- and intra-observer 
agreement in our study was fair to exceptionally high, suggesting that the 
description of the recorded morphological changes is sufficiently clear. It is 
noteworthy that intra-observer agreement when the auricular surface traits were 
recorded through photographs and directly was rather high (~80%), suggesting 
that the traits under study are easy enough to identify and record correctly even 
indirectly; thus high quality photographs may substitute direct recording in cases 
where a collection is not easily accessible while photographs are available.  
Regarding the second etiology, it appears that indeed in our material 
morphological changes in the auricular surface, as captured by the B-C [18] and SC 
[19] methods, are not correlated strongly enough with the age at death of the 
individuals in order to be used as accurate age markers. Our results are in 
agreement with those of Falys et al. [20], who, even though found a positive 
Page 10 of 23 
 
association between age and composite scores when applying the B-C [18] method 
on a British sample, concluded that only very broad developmental stages may be 
identified by means of this method, all of which exhibited substantial intra-stage 
individual heterogeneity in age. The results of the Falys et al. paper [20] are in 
agreement with these of Hens and Belcastro [24], who also concluded that due to 
the pronounced variation in the age ranges that are associated with each composite 
score, fewer stages with wider age ranges should be adopted when age estimation 
from the auricular surface is attempted. Moraitis et al. [21], on the other hand, 
applied the B-C [18] method on a modern Greek sample, namely the Athens 
Collection, and found a deviation of 5.5-12.6 years on all age stages. However, this 
study did not provide information on the actual number of individuals from the 
Athens Collection for whom age could be correctly estimated using the B-C [18] 
method, rather the authors reported only average age estimates per composite 
score; therefore, their results are not directly comparable to those of the present 
study.  
Thirdly, our results regarding the bias and inaccuracy of the B-C method potentially 
highlight the limitations of applying methods developed based on assemblages 
with a specific age distribution to samples with a different (skewed) age profile. 
Our Cretan assemblage exhibited an over-representation of individuals older than 
70 years and an under-representation of individuals younger than 50 years. Even 
though Buckberry and Chamberlain [18] highlight that their method was 
developed using the Spitalfields Collection where young individuals were under-
represented, from the Appendix of their paper where all individuals under 
examination are given, it is clear that the age distribution of their material is more 
homogenous than ours. 
An additional possible confounding factor for the poor results of our study is 
secular change. The B-C method was developed based on individuals from the crypt 
of Christ Church, Spitalfields, dating between 1646 and 1859, while our Cretan 
material dates between 1963 and 1996. If secular change is indeed the primary 
factor underlying the poor performance of the B-C method in our sample, then this 
casts even further doubt as to the applicability of this method to archaeological 
remains which will exhibit much more pronounced temporal and lifestyle 
differences to the Spitalfields material than our sample. As the authors of the 
original publication suggested themselves, their method “needs to be tested and 
redefined, using large, multiracial, and known-age modern and, if possible, 
archaeological populations” [18, p. 236]. It is possible that the use of transition 
analysis and Bayesian statistics would improve the performance of this method on 
different assemblages but the application of such approaches in a Portuguese 
sample found that “the accuracy of the revised method only slightly increased with 
application of Bayesian modeling” (31, p. S35).  
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More research is required in different materials before the aforementioned 
conclusions can be generalized. However, the low correlations identified between 
the different auricular age markers and the actual age of the individuals, both for 
the B-C and the SC methods, suggests that in our assemblage there is limited 
potential for these methods to result in improved age estimates and alternative age 
markers should be preferred.  
 
 
Conclusions 
The results of our study have shown that both the Buckberry and Chamberlain [18] 
and the Schmitt et al. [19] methods for age estimation based on auricular surface 
morphology are not accurate in our modern Cretan sample, consisting of 74 adult 
individuals, of known age at death. In specific, both methods correctly predicted 
age in exceptionally few cases. The Schmitt et al. [19] method assigned individuals 
to the correct age range mostly for composite scores that corresponded to 
particularly broad intervals, which are of limited use in forensic analysis. Similarly, 
the number of individuals classified in the correct age interval using the Buckberry 
and Chamberlain [18] method, using the mean and standard deviation values 
provided by the authors in the original paper, was particularly low. Using this 
method, age misestimation was most pronounced in individuals over 70 years old, 
but even among younger groups, the required age intervals in order to achieve 
correct age estimates were too large to be useful. Thus, we conclude that both the 
B-C and SC methods present limited value for accurate age estimates in our 
assemblage and alternative age markers should be preferred for application in 
forensic cases. 
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Figure 1. Chronological versus estimated age plot and the corresponding regression 
lines for Observer 1 and 2 after direct scoring and Observer 1 after scoring in 
photographs. 
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Figure 2. Graph showing chronological versus estimated age for Observer 1 and 2 
after direct scoring and Observer 1 after scoring in photographs. 
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Table 1. Sample age distribution  
Age range No of 
individuals 
19-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 
90-99 
>100 
1 
5 
1 
11 
12 
20 
18 
5 
1 
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Table 2. Correlation coefficients (rs) and corresponding p-values between auricular surface features 
and documented age at death for different raters and scoring methods.  
Feature rs (p-value) 
Rater 1 –Direct scoring 
SSPIA -0.080 (0.497) 
SSPIB 0.363 (0.001) 
SSPIC 0.285 (0.014) 
SSPID 0.206 (0.078) 
TO 0.017 (0.885) 
ST -0.131 (0.264) 
MI 0.123 (0.296) 
MA 0.194 (0.097) 
AP 0.431 (0.000) 
Composite Score 0.253 (0.030) 
Rater 1 –Indirect scoring 
SSPIA -0.057 (0.627) 
SSPIB 0.336 (0.003) 
SSPIC 0.199 (0.089) 
SSPID 0.304 (0.008) 
TO 0.036 (0.758) 
ST -0.135 (0.253) 
MI 0.399 (0.000) 
MA 0.232 (0.047) 
AP 0.341 (0.003) 
Composite Score 0.307 (0.008) 
Rater 2 
SSPIA 0.099 (0.399) 
SSPIB 0.427 (0.000) 
SSPIC 0.460 (0.000) 
SSPID 0.421 (0.000) 
TO 0.147 (0.210) 
ST 0.160 (0.172) 
MI 0.259 (0.026) 
MA 0.408 (0.000) 
AP 0.430 (0.000) 
Composite Score 0.359 (0.002) 
Key: TO = transverse organization, ST = surface texture, MI = microporosity, MA = macroporosity, AP = apical 
changes, SSPIA = transverse organization, SSPIB = granulation and porosity, SSPIC = articular surface 
modification and apical modification, SSPID = iliac tuberosity changes 
 
  
Page 19 of 23 
 
 
Table 3.  Bias and inaccuracy of estimated age to documented age at death for the B-C method 
Actual age N Bias Inaccuracy Bias Inaccuracy Bias Inaccuracy 
  Rater 1 - direct Rater 1 - indirect Rater 2 
50> 7 5.19 9.94 13 13 19.53 19.53 
51-70 28 -10.73 13.48 -5.24 9.01 -2.10 7.28 
71< 39 -26.29 26.29 -22.43 22.43 -21.28 21.28 
Overall 74 -17.92 18.96 -13.80 15.23 -12.01 13.97 
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Table 4. No of individuals assigned to the correct age class using the B-C and SC methods 
 B-C SC 
Rater 1 - direct scoring  16/74 47/74* 25/74** 
Rater 1 -  indirect scoring  17/74 45/74*  31/74** 
Rater 2 - direct scoring 14/74 53/74*  46/74** 
* based on a reference population whose age distribution corresponds to a life expectancy of 30 
years 
** based on a reference population whose age distribution is uniform 
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Table 5. Inter-and intra-rater comparisons – B-C method 
Comparis
on 
TO   ST   MI   MA   AP   
  
Sam
e 
stag
e 
(%) 
1-stage 
differen
ce (%) 
Sam
e 
stag
e 
(%) 
1-stage 
differen
ce (%) 
Sam
e 
stag
e 
(%) 
1-stage 
differen
ce (%) 
Sam
e 
stag
e 
(%) 
1-stage 
differen
ce (%) 
Sam
e 
stag
e 
(%) 
1-stage 
differen
ce (%) 
Rater 1 
vs Rater 
2 (direct 
scoring) 
28/7
4 
31/74 
13/7
4 
34/74 
39/7
4 
28/74 
37/7
4 
33/74 
39/7
4 
30/74 
  
-
37.8
4 
-41.89 
-
17.5
7 
-45.95 
-
52.7 
-37.84 -50 -44.6 
-
52.7 
-40.54 
Rater 1 
(direct vs  
indirect 
scoring) 
45/7
4 
18/74 
20/7
4 
33/74 
42/7
4 
26/74 
37/7
4 
31/74 
34/7
4 
33/74 
  
-
60.8
1 
-24.32 
-
27.0
3 
-44.6 
-
56.7
6 
-35.14 -50 -41.89 
-
45.9
6 
-44.6 
Rater 1 
(direct 
scoring 
on two 
separate 
occasions
) 
27/3
1 
Mar-31 
18/3
1 
Dec-31 
23/3
1 
Jul-31 
26/3
1 
Apr-31 
28/3
1 
Feb-31 
  
-
87.1 
-9.68 
-
58.0
7 
-38.71 
-
74.1
9 
-22.58 
-
83.8
7 
-12.9 
-
90.3
2 
-6.45 
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Table 6. Inter-and intra-rater comparisons - SC method  
Comparison SSPIA* SSPIB  SSPIC* SSPID* 
 Same stage 
(%) 
Same stage 
(%) 
1-stage 
difference 
(%) 
Same stage 
(%) 
Same stage 
(%) 
Rater 1 vs Rater 2 
(direct scoring) 
48/74(64.87) 30/74(40.54) 34/74(45.95) 50/74(67.57) 59/74(79.73) 
Rater 1 (direct vs  
indirect scoring) 
58/74(78.38) 49/74(66.22) 19/74(25.68) 62/74(83.78) 61/74(82.43) 
Rater 1 (direct 
scoring on two 
separate 
occasions) 
30/31(96.77) 26/31(83.87) 5/31(16.13) 29/31(93.55) 26/31(83.87) 
*SSPIA, C and D only have 2 categories, therefore there is no point in presenting the number of 1-
stage differences. 
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Table 7. (Weighted) Cohen’s kappa/p-value and Intraclass correlation coefficients /p-value 
 Test B-C SC  
Comparison  TO ST MI MA AP SSPI
A 
SSPI
B 
SSPI
C 
SSPI
D 
Rater 1 vs 
Rater 2 (direct 
scoring) 
Cohen’s 
(weighted) 
kappa 
0.32
2/0.
001 
0.00
4/ 
0.97
2 
0.27
9/0.
012 
0.45
5/0.
000 
0.42
1/0.
000 
0.29
3/0.
010 
0.40
5/0.
000 
0.35
2/0.
002 
0.35
8/0.
002 
ICC 0.55
7/0.
000 
0.00
8/0.
486 
0.47
8/0.
003 
0.71
6/0.
000 
0.58
3/0.
000 
0.46
1/0.
004 
0.62
6/0.
000 
0.52
1/0.
001 
0.53
0/0.
001 
Rater 1 (direct 
vs  indirect 
scoring) 
Cohen’s 
(weighted) 
kappa 
0.49
3/0.
000 
0.31
0/ 
0.00
6 
0.30
2/0.
007 
0.32
6/0.
002 
0.40
2/0.
000 
0.52
0/0.
000 
0.64
2/0.
000 
0.67
6/0.
000 
0.44
4/0.
000 
ICC 0.66
1/0.
000 
0.47
9/0.
003 
0.44
8/0.
006 
0.52
6/0.
001 
0.59
5/0.
000 
0.69
1/0.
000 
0.78
7/0.
000 
0.80
7/0.
000 
0.61
7/0.
000 
Rater 1 (direct 
scoring on 
two separate 
occasions) 
Cohen’s 
(weighted) 
kappa 
0.85
2/0.
000 
0.80
7/0.
000 
0.64
9/0.
000 
0.73
0/0.
000 
0.82
3/0.
000 
0.93
1/0.
000 
0.89
4/0.
000 
0.87
1/0.
000 
0.36
2/0.
029 
ICC 0.92
9/0.
000 
0.90
0/0.
000 
0.79
1/0.
000 
0.85
3/0.
000 
0.75
7/0.
000 
0.96
5/0.
000 
0.94
4/0.
000 
0.93
1/0.
000 
0.54
7/0.
017 
 
 
